Networks of parvalbumin (PV)-expressing basket cells are implicated in synchronizing cortical neurons at various frequencies, through GABA A receptor-mediated synaptic action. These cells are interconnected by GABAergic synapses and gap junctions, and converge with a different class of cholecystokininexpressing, PV-negative basket cells onto pyramidal cells. To define the molecular specializations in the synapses of the two basket cell populations, we used quantitative electron microscopic immunogold localization of GABA A receptors. Synapses formed by PV-positive basket cells on the somata of pyramidal cells had several-fold higher density of ␣ 1 subunit-containing receptors than synapses made by PV-negative basket cells, most of which were immunonegative. The density of the ␤ 2/3 subunits was similar in the two populations of synapse, indicating similar overall receptor density. Synapses interconnecting parvalbumin-expressing basket cells contained a 3.6 times higher overall density of GABA A receptor (␤ 2/3 subunits) and 3.2 times higher density of ␣ 1 subunit labeling compared with synapses formed by boutons of PV-positive basket cells on pyramidal cells. Thus, PV-positive basket cells mainly act through ␣ 1 subunit-containing GABA A receptors, but the receptor density depends on the postsynaptic cell type. These observations, together with previously reported enrichment of the ␣ 2 subunit-containing receptors in synapses made by PVnegative basket cells, indicate that the number and subtypes of GABA A receptors present in different synapse populations are regulated by both presynaptic and postsynaptic influences. The high number of GABA A receptors in synapses on basket cells might contribute to the precisely timed phasing of basket cell activity.
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The heterooligomeric GABA A receptors are anion channels opened by GABA and modulated by a variety of pharmacologically and clinically important drugs. (Macdonald and Olsen, 1994; Sieghart, 1995) . They are composed of five subunits, and, so far, 19 different subunits have been identified in the mammalian brain (Barnard et al., 1998; Sieghart et al., 1999) . Most receptors consist of two ␣, two ␤, and one ␥ subunit, but the subunit composition is highly variable, suggesting the existence of receptors with different functional and pharmacological properties (McKernan and Whiting, 1996; Rudolph et al., 2001) .
Hippocampal pyramidal cells receive GABAergic innervation from several distinct interneurons (Freund and Buzsaki, 1996) . For example, axo-axonic cells innervate only axon initial segments, basket cells innervate mainly somata and the proximal dendrites, and other interneurons innervate only dendrites. The same postsynaptic domain of pyramidal cells may be targeted by more than one class of interneuron. Thus, pyramidal cell somata are innervated by two distinct basket cells expressing either parvalbumin (PV) or cholecystokinin (CCK). These distinct basket cells differ in their soma position, local and subcortical innervation, and in the presynaptic control of transmitter release (Hajos et al., 1998; Katona et al., 1999) , predicting distinct roles in the hippocampal network.
The multiple sources of GABA, released by distinct interneurons, and the large variety of distinct GABA A receptors raise the possibility that the segregation of inputs is supported by molecular specializations in postsynaptic receptors. The ␣ 1 , ␤ 2/3 , and ␥ 2 subunits have been demonstrated in many GABAergic synapses on pyramidal cells (Nusser et al., 1996; Somogyi et al., 1996) . However, the ␣ 2 subunit was found more frequently in synapses on axon-initial segments than on somata (Nusser et al., 1996) , and, on the latter, ␣ 2 subunit immunoreactivity was present at much higher levels in synapses formed by PV-negative (presumably CCK-positive) basket cells than in synapses formed by PVpositive cells (Nyiri et al., 2001) . The input-specific enrichment of ␣ 2 subunit-containing receptors raises the question whether the synapses formed by PV-positive basket cells contain receptors formed by other subunits expressed by pyramidal cells, such as the ␣ 1 subunit (Wisden et al., 1992; Fritschy and Mohler, 1995) . This may be important, because the ␣ 1 and ␣ 2 subunit-containing receptors are responsible for different behavioral and pharmacological responsiveness in mice (McKernan et al., 2000; Rudolph et al., 2001) .
In the present study, we tested the relative abundance of ␣ 1 subunit-containing GABA A receptors in synapses made by PVpositive or PV-negative boutons on pyramidal cell somata. The subunit composition of synaptic receptors may be influenced by both the source of the input and the identity of the target cell, but, for GABAergic connections, this has not been tested. Because basket cells innervate both pyramidal cells and other basket cells (Fukuda et al., 1996; Cobb et al., 1997) , the subunit composition and abundance of receptors at the synapses made by basket cells on other PV-positive basket cells was compared with those made on pyramidal cells.
MATERIALS AND METHODS
Preparation of animals and tissues. Three adult male Wistar rats (ϳ150 gm) obtained from Charles River (Kent, UK) were anesthetized with Sagatal (pentobarbitone sodium, 220 mg / kg, i.p.) and perf used through the heart with 0.9% NaC l, followed by a fixative containing 4% paraformaldehyde, 0.05% glutaraldehyde, and 0.2% picric acid in 0.1 M phosphate buffer, pH 7.4 (PB), for 20 -25 min. After perf usion, the brains were left in situ for 10 -15 min, and then they were removed from the skull. Blocks from the dorsal hippocampi were dissected and washed in 0.1 M PB, followed by sectioning on a vibratome at 500 m thickness. They were post-fixed for 15-20 min and washed in 0.1 M PB overnight.
Freeze substitution and low-temperature embedding in Lowicr yl resin. The same procedure was used as described previously (Baude et al., 1993; Nusser et al., 1995; Nyiri et al., 2001) . Briefly, after washing in PB overnight, the sections were placed into increasing concentration of sucrose solutions (0.5, 1, and 2 M sucrose for 0.5, 1, and 2 hr, respectively) for cryoprotection. After slamming onto copper blocks cooled in liquid N 2 , and after low-temperature dehydration and freeze substitution, the sections were embedded in L owicryl HM 20 resin (Chemische Werke L owi, Waldkraiburg, Germany).
Antibodies. Rabbit polyclonal antibody (code number P16) was raised to a synthetic peptide corresponding to amino acids 1-9 of the mature rat ␣ 1 subunit and was affinity purified. Antibody specificity was described previously (Z ezula et al., 1991) . This antibody has been used in other postembedding immunocytochemical studies (Nusser et al., 1996 (Nusser et al., , 1997 (Nusser et al., , 1998a . Immunoreactions were performed at a final protein concentration of 32 g /ml. The mouse monoclonal antibody bd-17 (Haring et al., 1985) was kindly provided by Dr. J.-M. Fritschy (Institute of Pharmacology, Zurich, Switzerland) and has been shown to react with both the ␤ 2 and ␤ 3 subunits of GABA A receptors (Ewert et al., 1990) . The antibody was diluted to 20 g /ml protein. A rabbit polyclonal antiserum (code R302; 1:500 dilution) was raised to rat muscle PV (C albiochem, Nottingham, UK) and was a gift from Dr. K . G. Baimbridge (University of British Columbia, Vancouver, C anada). It has been described to be specific to PV (Mithani et al., 1987) and was used previously for postembedding immunoreaction (Nyiri et al., 2001) .
Postembedding immunoc ytochemistr y. Postembedding immunocytochemistry was performed on ϳ70-nm-thick serial sections of slam-frozen, freeze-substituted, L owicryl-embedded hippocampi. The sections were picked up on pioloform-coated nickel grids. Then they were incubated on drops of blocking solution for 1 hr, followed by incubation on drops of primary antibodies overnight. The blocking solution, which was also used for diluting the primary and secondary antibodies, consisted of 0.05 M Tris-HC l, pH 7.4, containing 0.9% NaC l (TBS) and 2% human serum albumin (Sigma, Poole, UK). After incubation overnight in primary antibodies, sections were washed in TBS and incubated for 4 hr on drops of goat anti-rabbit or goat anti-mouse IgG coupled to 10 or 5 nm (British BioC ell International, C ardiff, UK) or ultra small gold particles (Ͻ0.8 nm; Aurion, Wageningen, Netherlands) to increase sensitivity. After several washes, sections were fixed in a 2% glutaraldehyde solution for 2 min. Sections labeled with ultra small gold particles were subjected to silver enhancement (Aurion) for 30 min. After washing in ultra pure water, all sections were contrasted with saturated aqueous uranyl acetate, followed by lead citrate.
Because antibodies to the ␣ 1 subunit and to PV were both raised in rabbit, no double labeling could be performed on the same section. To identif y PV-positive and PV-negative boutons and to differentiate between pyramidal cells and PV-positive interneurons, one to three sections were labeled with rabbit anti-PV serum and were detected with 10 nm gold particle-conjugated secondary antibodies. Other serial sections placed on different grids, both before and after the PV-reacted section(s), were incubated with rabbit anti-␣ 1 subunit antibodies and labeled with ultra small gold particle-conjugated secondary antibodies, followed by silver intensification. For detection of the ␤ 2/3 subunits, serial sections were incubated with rabbit anti-PV and mouse anti-␤ 2/3 antibodies mixed together. Antibodies to PV were labeled with 5 nm gold particleconjugated secondary antibodies, and antibodies to ␤ 2/3 subunits were colabeled with 10 nm gold particle-conjugated secondary antibodies.
Measurement of immunoreactivit y. Overall, 104 synapses in 247 sections for the ␣ 1 subunit labeling and 71 synapses in 169 sections for the ␤ 2/3 subunit labeling were recorded and analyzed. In each section, several synapses were monitored. Measurements were taken from well preserved strips of L owicryl-embedded ultrathin sections. One block was used from each of the three rats. Because PV-positive interneurons were relatively infrequent, blocks were sectioned repeatedly and systematically searched until sections with a PV-positive interneuron receiving type I synapses on the soma were found. All type II synapses (Gray, 1959 ) encountered on the somata of pyramidal cell and PV-positive interneurons were recorded in the hippocampal CA1 region. On interneurons, type II synapses could not always be unequivocally distinguished from type I synapses; therefore, here only the synapses made by PV-positive boutons were collected, which only form type II synapses. Synapses were defined on the basis of the rigid appositions of the plasma membranes, the widening of the extracellular space, and, when present, the postsynaptic membrane thickening. They were photographed or digitally recorded and followed through serial sections. The number of gold particles was counted in a band of 35 nm from either side of the postsynaptic plasma membrane (Nyiri et al., 2001 ). The ␣ 1 subunit labeling of synapses could not be f ully reconstructed because of the use of some sections on different grids to detect PV immunoreactivity. Therefore, the density of immunogold particles, calculated as the number of gold particles per length of synaptic junction summed from one to five serial sections, was used to measure immunoreactivity for each individual synapse.
For publication, photographs were scanned, and contrast and brightness of the electronic picture were adjusted. All corrections were subjected to the whole picture; parts of the picture, e.g., gold particles or synapses, were not selectively enhanced.
As a control for the specificity of the method, primary antibodies were either omitted or replaced by 5% normal rabbit or mouse sera. Selective labeling, resembling that obtained with the specific antibodies, could not be detected under these conditions. The concentrations of primary antibodies were chosen such that they resulted in a very low background labeling. To estimate the contribution of background labeling to the labeling of synapses, the density of particles was measured over synaptic vesicle-containing presynaptic terminals, including areas occupied by mitochondria, randomly in the neuropil. These particles are assumed to represent background labeling. Using the calculation described previously (Nyiri et al., 2001) , background labeling was estimated to make a small potential contribution of 0.1 Ϯ 0.04 particles/m synapse length for the ␣ 1 antibodies and 0.3 Ϯ 0.1 particles/m synapse length for the ␤ 2/3 antibodies. Therefore, correction for background labeling was not performed. Because the center of immunoparticles may be up to 30 nm from the epitope and the synapses are cut at various angles, a contribution of the presynaptic membrane to the labeling cannot be excluded with this method. In addition, the absence of immunolabeling cannot be taken as necessarily representing the absence of receptors.
Statistics. We used nonparametric statistics for the analysis of the distribution of gold particles and for the comparison of populations of synapses because, in many cases, their distribution was not normal, as shown by the Kolmogorov-Smirnov test. The cut lengths of synaptic junctions were also described with nonparametrical statistics, although their distribution was found normal with the Kolmogorov-Smirnov test but not normal by the 2 test. The Kruskal -Wallis test was used for comparing data from three different groups, followed by post hoc comparisons using the Dunn test (Z ar, 1999) . T wo groups were compared using the Mann -Whitney U test. Statistical analysis was performed using the software package Statistica (StatSoft, T ulsa, OK), except for the Dunn test.
RESULTS

Quantitative comparison of immunolabeling for the ␣ 1 subunit of the GABA A receptor in different synapses
To test a possible differential distribution of the ␣ 1 subunitcontaining GABA A receptors in synapses formed by PV-negative and PV-positive boutons on CA1 pyramidal cell somata, we performed postembedding immunoreactions using ␣ 1 subunitand PV-specific antibodies. Because both antibodies were raised in rabbit, double labeling could not be performed on the same section. Instead, one to three sections were labeled with antibod-ies to PV (Fig. 1 A) , and other serial sections of the same synapse were labeled for ␣ 1 subunits ( Fig. 1 B-D) . The immunoreaction indicated a higher amount of ␣ 1 subunit in synapses formed by PV-positive than in synapses formed by PV-negative boutons (Fig. 1) .
To compare the degree of immunolabeling of GABAergic synapses on pyramidal cells and interneurons, synapses formed by PV-positive boutons on PV-positive cells in the pyramidal cell layer were also investigated within the same experiment (Fig. 2) . These synapses were uniformly strongly labeled for ␣ 1 subunits. In the pyramidal cell layer of the hippocampus, basket cells and axo-axonic cells have been described to express PV (Katsumaru et al., 1988) . The cells investigated in this study received a high density of type II synapses on their soma (Fig. 2) and, therefore, presumably represent basket cells, because they have been described to be encrusted with numerous GABAergic boutons (Fukuda et al., 1996) . The somata of axo-axonic cells receive a much lower density of synapses (P. Somogyi, unpublished observation) . The hippocampus receives a GABAergic innervation from PV-positive cells of the septum, which terminate on interneurons, including PV-positive ones, but not on pyramidal cells (Freund and Antal, 1988; Gulyas et al., 1990) . Nevertheless, most, if not all, of the PV-positive boutons terminating on PV-positive cells are of hippocampal origin, as shown by transection of the fimbria/fornix (Fukuda et al., 1996) . This might be attributable to a very low level of PV immunoreactivity of the septo-hippocampal boutons.
Quantitative analysis of the ␣ 1 subunit immunoreactivity from three animals revealed differences in three populations of synapse (Kruskal-Wallis test, p Ͻ 0.001; post hoc Dunn test, p Ͻ 0.05): synapses from PV-negative boutons on pyramidal cell somata, synapses from PV-positive boutons on pyramidal cell somata, and synapses from PV-positive boutons on PV-positive interneurons (Fig. 3) . The median level of immunoreactivity was different in the three animals, possibly attributable to different antigen preservation of the blocks. However, the differences between the synapse populations were comparable in the three animals tested (Fig. 3 ). The average median particle densities in PV-positive synapses on PV-positive interneurons were 3.2 Ϯ 1.5 (mean Ϯ SD; 2.1, 2.7, and 4.9, respectively) times higher than the median particle density of PV-positive synapses on pyramidal cells. Differences between PV-positive and PV-negative synapses on pyramidal cells could be demonstrated for all three rats but could be calculated only for rat 3, because the median particle density of PV-negative synapses on pyramidal cells was 0 for rats 1 and 2 (Fig. 3) . In rat 3, the median particle density was 3.0 times higher in synapses of PV-positive boutons than in those of PV-negative boutons on pyramidal cells. In addition, in rat 3, the median particle density in synapses of PV-positive boutons on PV-positive interneurons was 6.2 times higher than that in PV-negative boutons on pyramidal cells.
Quantitative comparison of immunolabeling for the ␤ 2/3 subunits of the GABA A receptor in different synapses The different densities of ␣ 1 subunits in the three types of synapses investigated could have been attributable to an overall different density of GABA A receptors or to an ␣ subunitdependent differential distribution of GABA A receptor subtypes in these synapses. The latter has been shown to be true for the ␣ 2 subunit-containing GABA A receptors in synapses of PV-negative and PV-positive boutons on CA1 pyramidal cell somata (Nyiri et al., 2001 ). To test whether the same holds true for synapses on PV-positive interneurons and pyramidal cells, synaptic immunoreactivity for the ␤ 2/3 subunits was investigated. The great majority of GABA A receptors in the hippocampus are thought to contain ␤ 2 and/or ␤ 3 subunits, because a ␤ subunit is required for a functional receptor and the ␤ 1 subunit is expressed at a relatively low level in hippocampal CA1 pyramidal cells (Persohn et al., 1992; Sperk et al., 1997) .
Serial sections were coimmunolabeled with mouse antibodies to ␤ 2/3 subunits (10 nm gold particles) and rabbit antibodies to PV (5 nm gold particles). Synapses made by PV-negative and PVpositive boutons on pyramidal cells seemed to express the similar amount of ␤ 2/3 subunits (Fig. 4) . In the same experiment, immunolabeling for ␤ 2/3 subunits was also investigated in synapses made by PV-positive boutons on PV-positive interneurons in the pyramidal cell layer. These synapses were strongly immunolabeled (Fig. 5 ).
Quantitative analysis of ␤ 2/3 subunit immunoreactivity showed that synapses made by PV-negative and PV-positive boutons on pyramidal somata were not different in any of the three animals (Mann-Whitney U test, p Ͼ 0.5), confirming a previous study (Nyiri et al., 2001) . Therefore, these synapses were pooled and compared with the immunoreactivity of synapses on interneurons (Fig. 6) . Interestingly, the immunolabeling for ␤ 2/3 subunits was significantly lower in synapses on pyramidal cell somata than in synapses on PV-positive interneurons in all three rats (MannWhitney U test, p Ͻ 0.005). The average median particle density in synapses made by PV-positive boutons on PV-positive interneurons was 3.6 Ϯ 0.6 (mean Ϯ SD; range of 2.9, 3.7, and 4.1, respectively) times higher than the median particle density of synapses on pyramidal cells. These results indicate that synapses made by PV-positive boutons on basket cell somata have a higher overall GABA A receptor density than synapses on pyramidal cell somata.
Comparison of the size of GABAergic synapse populations
To test whether the three synapse populations differ in the size of the synaptic specialization, in addition to the density of ␣ 1 and ␤ 2/3 subunit-containing receptors, the lengths of synapses presented in Figures 3 and 6 were compared. Synapses from the same population with respect to PV labeling, but from three different animals, were not different in size; therefore, they were pooled (Kruskal-Wallis test, p Ͼ 0.05). The median length of synaptic membrane per section was 0.21 m (interquartile range of 0.17-0.26; n ϭ 122) for synapses made by PV-negative boutons on pyramidal cell somata, 0.20 m (interquartile range of 0.17-0.27; n ϭ 126) for synapses made by PV-positive on pyramidal cell somata, and 0.21 m (interquartile range of 0.16 -0.25; n ϭ 166) for synapses made by PV-positive boutons on PV-positive interneuron somata. The three synapse populations do not differ in their average synaptic length per section (Kruskal-Wallis test, p Ͼ 0.3). These results indicate that the higher overall density of GABA A receptors in synapses on basket cell somata compared with synapses on pyramidal cell somata is not a compensation for a smaller synaptic junctional area.
DISCUSSION
We showed that at least three synapse populations have different densities of ␣ 1 subunit-containing GABA A receptors in the hippocampal pyramidal cell layer. Synapses made by PV-negative boutons on pyramidal cell somata contain very low density of ␣ 1 subunit; those made by PV-positive boutons on pyramidal cell somata contain an intermediate level, and synapses on PVpositive basket cell somata contain the highest density of ␣ 1 subunits. The high density of ␣ 1 subunits in synapses on basket cells corresponds to a higher overall density of GABA A receptors compared with pyramidal cell synapses, as shown by the correspondingly higher density of immunoreactivity for the ␤ 2/3 subunits. In contrast, the different densities of ␣ 1 subunit labeling in synapses made by PV-negative and PV-positive boutons on pyramidal cells are attributable to an input-specific difference in the ␣ subunit composition of GABA A receptors.
Different amounts of ␣ 1 subunit-containing GABA A receptor in synapses on pyramidal cells A relatively even frequency of synapses with ␣ 1 subunitcontaining receptors were reported on distinct postsynaptic do- . Difference in immunoreactivity for the ␤ 2/3 subunits of the GABA A receptor on PV-negative, PV-positive, or pooled populations of synapses on pyramidal cell somata (PYR), and PV-positive synapses on PV-positive interneuron somata in three adult rats. Immunoreactivity is measured as density values (number of gold particles per length of synaptic junction) obtained from one to five serial sections of each synaptic membrane. Small squares, rectangles, and bars indicate median, interquartile range (IqR), and minimum-maximum values, respectively. Immunoreactivity for the ␤ 2/3 subunits in synapses made by PV-negative and PV-positive boutons on pyramidal cell somata was not different in any of the rats (Mann-Whitney U test, p Ͼ 0.5) (Nyiri et al., 2001) ; therefore, the data were pooled. Synapses on pyramidal cell somata and PV-positive synapses on interneurons were different in all three rats (Mann-Whitney U test, p Ͻ 0.005).
mains of pyramidal cells (Nusser et al., 1996) . However, within one domain, the soma, the present study revealed differences between two synapse populations. The results are consistent with a higher amount of ␣ 2 subunit-containing GABA A receptor in synapses made by PV-negative boutons compared with those made by PV-positive boutons (Nyiri et al., 2001) . The evidence provided here shows that the enrichment of ␣ 2 subunits in one of the synapse populations is accompanied by a lower amount of ␣ 1 subunits and vice versa. The immunocytochemical findings are in agreement with the differential effect of an ␣ 1 subunit-selective benzodiazepine agonist on synaptic responses (Thomson et al., 2000) . The results together clearly indicate that different GABA A receptor subtypes are selectively distributed in an inputdependent manner. For such a distribution of receptors, it is necessary that the presynaptic bouton signals the postsynaptic cell its identity and the postsynaptic cell converts this information to a selective targeting and/or maintenance of different GABA A receptor subtypes (Connolly et al., 1996; Moss and Smart, 2001) . Whether other ␣ subunits, such as ␣ 4 and ␣ 5 subunits (Sperk et al., 1997; Fritschy et al., 1998) , are also selectively distributed will be investigated in future studies, but pharmacological evidence indicates further receptor specializations (Pawelzik et al., 1999) . In addition, different GABA A receptor subtypes may be targeted also selectively to different cell domains, such as the axon (MacDermott et al., 1999) , or the extrasynaptic plasma membrane (Nusser et al., 1998b) .
Distribution of ␣ 1 subunit-containing GABA A receptors on pyramidal and basket cells
Immunoreactivity for the ␣ 1 subunit is expressed throughout the entire hippocampus (Fritschy and Mohler, 1995; Sperk et al., 1997; Pirker et al., 2000) . Consistent with the present study, very strong immunostaining for the ␣ 1 subunit was reported in hippocampal PV-positive cells (Gao and Fritschy, 1994; Fritschy and Mohler, 1995; Sperk et al., 1997) . Much of this is clearly attributable to extrasynaptic receptors (Nusser et al., 1995; . The strong ␣ 1 subunit immunoreactivity of PV-positive cells has sometimes been interpreted as showing that most ␣ 1 subunits are on interneurons, and, consequently, drugs acting on ␣ 1 subunit-containing receptors might exert their action through these cells. Because of the expression of the ␣ 1 subunit by all pyramidal cells (Persohn et al., 1992; Wisden et al., 1992) and the low number of basket cells compared with pyramidal cells, this suggestion is reevaluated in the following calculation.
Synapses made by PV-positive boutons on PV-positive basket cells somata have 3.2 times more immunolabeling for the ␣ 1 subunit than PV-positive synapses on pyramidal cells and 6.2 times more labeling than PV-negative synapses (see rat 3). The dimensions of synapses were not different. Assuming that the density of immunolabeling is proportional to the abundance of functional receptors containing that subunit (Nusser et al., 1997) , neglecting the minority of PV-negative boutons on basket cell somata (Fukuda et al., 1996) , and considering that 68% of synapses on pyramidal cell somata are from PV-positive boutons (Nyiri et al., 2001) , it can be calculated that a type II synapse on a basket cell soma contains on average of 3.8. times more ␣ 1 subunits than one on a pyramidal cell soma. Because PV-positive basket cells receive 1.9 times more type II synapses on the soma than pyramidal cells (Gulyas et al., 1999; Megias et al., 2001 ) and there are 48 times more pyramidal than PV-positive cells (Aika et al., 1994) , it follows that overall there are ϳ6.7 times more ␣ 1 subunits in somatic synapses on pyramidal cells than in somatic synapses on PV-positive basket cells. Although this rough estimation neglects ␣ 1 subunits in dendritic synapses, in the extrasynaptic membranes, and on other cell types, it predicts that the majority of synaptic ␣ 1 subunits in the CA1 area of the hippocampus are on pyramidal cells and not on basket cells. The presence of the same subunit of the GABA A receptor on different cell types indicates that receptor subtype-specific drugs might not provide selective tools for specific cell types.
Pathway-dependent synaptic enrichment of ␣ 1 subunit-containing GABA A receptors Although most receptor subtypes are expressed by several cell types, there seems to be a pathway-dependent distribution of some GABA A receptor subtypes. Basket cells expressing PV are strongly interconnected with each other and also innervate pyramidal cell somata (Katsumaru et al., 1988; Fukuda et al., 1996) . In both synapse populations, a high amount of ␣ 1 subunit-containing GABA A receptor has been found. Interestingly, the preferential use of ␣ 1 subunits by this pathway is consistent with recent genetic, pharmacological, and behavioral studies, indicating that ␣ 1 subunit-containing receptors are important for mnemonic processes. A point mutation in the ␣ 1 subunit, rendering ␣ 1 subunitcontaining receptors insensitive to benzodiazepines, leads to a decrease in the amnesic and sedative effects of diazepam (Rudolph et al., 1999; McKernan et al., 2000) . It is possible that diazepam causes memory impairment and sedation via synapses interconnecting PV-positive basket cells and the basket cell to pyramidal cell circuit, which are enriched in ␣ 1 subunitcontaining receptors. This synaptic organization is present probably also in the isocortex and amygdala. During exploration, when new memories are formed and established ones recalled, network oscillations in the theta and gamma frequency range occur in the hippocampus (Bragin et al., 1995) and other cortical areas (Jefferys et al., 1997) . These oscillations are thought to be strongly influenced by GABAergic and electrical interactions between PV-positive basket cells, which are able to regulate the precise timing of principal cell discharge (Buzsaki and Chrobak, 1995; Cobb et al., 1995; Tamas et al., 2000) .
In contrast, PV-negative (CCK/vasoactive intestinal polypeptide-positive) basket cells do not appear to express the ␣ 1 subunit (Gao and Fritschy, 1994) , and also their synapses made on pyramidal cells contain only a low amount of ␣ 1 subunit. The role of this pathway remains to be clarified. However, the pathway-dependent distribution of GABA A receptor subtypes and their specific functions in the brain demonstrate the opportunity for developing receptor subtype-specific drugs for selective functional effects.
Implications of the high number of GABA A receptor in synapses on basket cells
Synapses on PV-positive basket cell somata contain a higher density of GABA A receptors than synapses on pyramidal cells. This might influence the amplitude of miniature IPSCs (Nusser et al., 1997 ), but we are unaware of electrophysiological data comparing the two populations of synapse in the hippocampal CA1 region. The amplitude of IPSCs in other types of interneuron and pyramidal cells do not differ greatly (Hajos and Mody, 1997; Hajos et al., 2000) , which could reflect a delicate balance between receptor number and receptor occupancy (Nusser et al., 1997) . However, in the dentate gyrus, the mean decay time constant of IPSCs was approximately twofold faster in interbasket cell synapses than in granule cell synapses (Bartos et al., 2001 ). This may be explained by the different GABA A receptor subtypes of these cells (Lavoie et al., 1997) or by steric relationships of synapses or modulation of receptors, dependent on the postsynaptic cell (Overstreet et al., 2000; Moss and Smart, 2001 ). Bartos et al. (2001) also report a larger peak amplitude of IPSCs in basket cells compared with granule cells. This might be caused by a higher number of GABA A receptors on basket cell synapses, similar to that found in the present study for basket cells in the CA1 area. As a consequence, the synaptic peak conductance change was much higher in basket cell synapses compared with granule cell synapses. This is proposed to have a critical role in the generation of coherent, high-frequency oscillations (Wang and Buzsaki, 1996; Bartos et al., 2001) , which are believed to be important for mnemonic processes. Overall, the higher number of synaptic GABA A receptors and the bias for receptor subtypes containing ␣ 1 subunits by PV-positive basket cells supports a phasic, precisely timed inhibition of basket cells, leading to a coherent interneuron network oscillation. The lower amount of GABA A receptors in GABAergic synapses on pyramidal cell somata, together with a wide variety of potential synaptic receptors, predicts a large variability in their inhibitory responses.
